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INTRODUCTION

Benign and malignant tumors of the thyroid can be
produced by irradiating experimental animals.’ Radiation
of the thymus during infancy is reported to result in an
increase in the prevalence of thyroid carcinoma®* and
neoplasia of the thyroid has occurred following treatment
with I131.°'® An excessive number of thyroid nodules
have developed in the Marshallese exposed to high doses
of radiation from fallout,”'® though only one carcinoma
has been reported to date.” Radiation to the thyroid
region for benign lesions during childhood'® or ado-
lescence!! has been followed in some cases by thyroid
carcinoma. Previous reports from ABCC have suggested
an association between atomic radiation and thyroid
12-16  The present study provides further
support for the relationship of exposure to atomic bomb
radiation and subsequent thyroid neoplasia.

carcinoma.

METHOD

The ABCC-JNIH Adult Health Study'” is conducted on a
sample of nearly 20,000 persons drawn principally from
schedules supplementary to the 1950 Japanese National
Census. The sampling plan provided for the selection of
all known survivors exposed within 2000 m from the
hypocenter at the time of the bomb (ATB), who reported
acute radiation symptoms, were resident in Hiroshima or
Nagasaki in 1950, and were permanent residents of these
cities.
selected so as to match this first group on an age-, sex-,
and city-specific basis. The first comparison group
consists of persons exposed within 2000 m from the
hypocenter and meeting the same residence requirements,
but who reported no acute radiation symptoms. The
second is similar, except that the subjects were located
between 3000-3499m in Hiroshima (3000-3999m in
Nagasaki), and the last consists of persons who were over
10,000 m from the hypocenter, or not in the city ATB.

Three comparison groups were defined and

Because the estimated air dose ATB'® is less than 20rad
at 2000m in both cities, analyses for radiation effects are
more sensitive when the proximally exposed groups are
divided at 1400m (estimated T 65 air doses of about
53rad in Hiroshima, 180 rad in Nagasaki'®) rather than
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at 2000m. The following exposure groups will be used
throughout this paper for both cities:  Exposed within
1400 m from the hypocenter; Exposed between 1400-
1999 m; Located between 3000-3999m ATB; Located
beyond 10,000 m or not in the city ATB,

Adult Health Study examinations began in 1958 and all
surviving members of the original cohort are scheduled for
clinic visits every 2 years. Through the first 4 years, the
clinic examination rate was about 80% of the surviving
cohort during each 2-year cycle. The majority of non-
participants had moved out of the respective cities.
During the period of this study (1964-65), the examination
rate was still about 80% of all survivors who were over
40 years of age on the date scheduled for their exami-
nations, the number of refusals generally being somewhat
larger than the number of persons who had moved.
Among those under 40 years the examination rate was
somewhat less, examinations being obtained on about
702 of Hiroshima males and about 75% of Hiroshima
females. In Nagasaki, the figures were 60% and 70%
for young males and females, respectively, and reflect
the higher rate of migration from Nagasaki.

During the last 5 years autopsies have been performed on
nearly one half of the sample members who have died,
though the autopsy rate was slightly lower for the more
distal groups in Hiroshima. Before 1960, autopsy rates were
generally below 10% and variable between exposure groups.

A complete description of the clinic procedures has been
presented elsewhere.!” In brief, at each visit a history is
taken and a physical examination performed. A complete
blood cell count, a differential blood cell count, a hema-
tocrit determination, a urinalysis, an electrocardiogram,
and a chest X-ray are done routinely. In addition a
variety of other chemical determinations and procedures
are carried out for special studies during specific time
periods. All clinical evaluation is done without knowledge
of exposure status.

Between December 1963 and December 1965, all living
subjects who had had a previous diagnosis of thyroid
disease, and all others suspected of having any thyroid
abnormality, were examined at the time of their regular
clinic appointment. Pertinent history and physical findings,
including a description of the size and shape of the
thyroid gland, were recorded. A patient was considered
to have a goiter only if a definite nodule was present, or
if the gland was easily palpable, 7.5cm or more in
diameter, and considered to be at least twice the normal
size. Biopsy or thyroidectomy was recommended for
patients with a thyroid nodule whenever there was any
suspicion of carcinoma. Tissue obtained in this manner,
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as well as previous biopsy or subsequent autopsy material,
was examined by two pathologists and agreement reached
as to the diagnosis. A final diagnosis of thyroid carci-
noma was made only if microscopic sections or tissue
were available for review.

Twelve members of the Adult Health Study sample are
known to have had thyroid carcinoma, but were not
examined during the 1964-65 period reported here.
Data on these persons are included in the section on
pathology.

RESULTS

Epidemiologic Findings Among the more than 13,000
persons examined in the 1964-65 cycle, 39 individuals
had had carcinoma of the thyroid. These are shown in
Table 1, tabulated by city, sex, exposure category. and
age at the time of examination. In addition to the 39
patients with carcinoma, 386 subjects displayed other
thyroid abnormalities, a substantial majority of which(298)
were nontoxic goiters. These included 158 diffuse, 38
multinodular, and 102 single nodular goiters. An analysis
of the total spectrum of thyroid abnormalities in this
sample will be presented in a subsequent paper.

The data shown in Table 1 support three important
conclusions concerning the observed occurrence of thyroid
carcinoma. First, the expected sex differential is apparent,
the ratio of female to male occurrence rates being about
3 to 1 (Hiroshima 3.6/1000 female : 1.2/1000 male;
Nagasaki 4.6/1000 female : 1.8/1000 male). Second, a
calculation of age-, sex-specific occurrence rates shows
little difference between the results for the two cities.
Third, there has been a markedly higher occurrence of
thyroid carcinoma among those who were proximally
exposed. Data supporting the last assertion are shown
more explicitly in Table 2, where occurrence rates per
1000 persons examined are given for the combined data
of the two cities,

An interesting aspect of the sex differential is that it
virtually disappears among those below age 40 at the
time of examination, i.e., under 20 years of age ATB.
Indeed, five of the seven carcinomas in males developed
in those under 20 years of age ATB who were exposed
within 1400 m from the hypocenter. In this group, the
observed rate is 9.7 per thousand. For the corresponding
group of females, the rate is 10.7 per thousand. The
relationship is fairly consistent, even when computed for
those under 30 and those aged 30-39 at examination, the
female rates for these groups being 10.4 and 10.7, and
the male rates being 15.7 and 7.8, respectively.
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TABLE 1 THYROID CARCINOMAS OBSERVED AND TOTAL ABCC-JNIH ADULT HEALTH STUDY SUBJECTS EXAMINED
1 DECEMBER 1963 —31 DECEMBER 1965 BY AGE AT EXAMINATION, DISTANCE FROM HYPOCENTER, SEX, AND CITY

#1 ABCC— TR ABBEEEZLERLE L PIRIGWBEME. 19634128 1 H— 1965412431 H:
BIEHE A - RO A 5 OIERE - M - ERTE R
g Male % Female #«
e 1400-  3000-  Not-in-city  Total 1400- 3000-  Not-in-city  Total
<1400m 1999 3499*  HimrEa t <1400m 1999 3499*  wmwRa it
Hiroshima & &
<30 78 1 55 66 64 263 1 105 92 106 88 391
30-39 231 2 189 223 194 837 2 435 4 3121 332 349 1 1428 6
40-49 126 79 101 110 416 347 1 273 325 2 302 2 1247 5
50-59 184 140 176 158 658 318 2 308 2 3031 295 1224 5
60-69 206 153 172 187 718 302 3 262 295 1 274 1133 4
70+ 90 67 1 95 74 326 1 100 1 106 115 93 414 1
Total &% 915 3 683 1 833 787 3218 4 1607 11 1353 3 1476 4 1401 3 5837 21
Nagasaki & #§

<30 49 1 51 59 351 194 2 87 2 53 77 67 284 2
30-39 155 1 132 124 117 528 1 311 4 196 1 2217 205 939 5
40-49 76 55 56 58 245 171 1 131 1 131 124 557 2
50-59 91 73 87 78 329 73 91 78 71 1 313 1
60-69 75 67 74 68 284 48 69 58 54 229
70+ 15 20 19 13 67 23 26 1 22 23 93 1
Total &# 461 2 398 419 369 1 1647 3 713 7 565 3 593 544 1 2415 11

Bold face type indicates thyroid carcinomas.
* Nagasaki 3000-3999 m % #§ T |4 3000 — 3999 m

BESLEAELE S IE T HE Sk

TABLE 2 OCCURRENCE OF THYROID CARCINOMA BY AGE AT EXAMINATION,
SEX, AND DISTANCE FROM HYPOCENTER (KNOWN CASES/1000 EXAMINED)

22 FIRIRER R MHEE . BURRREM - M - O A S o BEMERI (EIRRE 1000 A M 7 0 FEFIE)

Age Male % Female #

ES <1400m  1400-1999  3000+*  Total 3 <1400m  1400-1999 3000+* Total &t
<40 9.7 0 1.1 3.3 10.7 3.1 0.7 4.3
40-59 0 0 0 0 4.4 3.9 3. 3.9
60 + 0 3.3 0 0.7 8.5 2,2 1.1 3.2
Total & it 3.6 0.9 0.4 1.4 7.8 3.1 2.0 3.9

* Includes Not-in-city ATB.
[8s 320 T AR A O - o o)

Among females the difference in the occurrence of
cancer in different exposure groups is statistically signifi-
cant (P <0.01). Furthermore, the consistency of the
patterns with exposure as well as similar results from past
work!?-16 are persuasive evidence that the association
with distance (and therefore, presumably, with radiation
dose) is a biologically reliable finding. Additional sup-
porting evidence is that, of the 12 (9 females) other cases
of thyroid carcinoma which are known to have occurred
in this sample (among those not examined during 1964-65),
8 (6 females)occurred among those exposed within 1400 m.

LTIE, BBy B o RIRIGEEE O Z3HImcE
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Two (1 female) also developed among those exposed
between 1400-1999m, and the remaining two(both females)
among those beyond 3000m. None of these patients,
however, was under 20 years of age ATB.

The pattern of association of thyroid carcinoma with
proximal exposure is also seen in the data for males, but
the number of cases is too small for statistical testing.

As a result of extensive collaborative efforts between
ABCC personnel and consultants from the Health Physics
Division of Oak Ridge National Laboratory, most of the
individuals in this sample have been assigned tentative
estimates (T 65 D) of the doses received from atomic bomb
radiation. These estimates are made by calculating the
air dose of radiation at each individual's location ATB,!®
and taking into account the attenuation of any shielding
afforded by houses or other structures or obstacles.
Because of the difficulty of evaluating the shielding
configurations of some of the exposed persons, individual
dose estimates are not available on nearly 10% of those
proximally exposed (<2000 m)in Hiroshima and about one
quarter of the Nagasaki proximal exposed. Because of the
lack of estimates on a fraction of the sample as well as the
limitation of the actual number of cases of thyroid cancer,
precise statements concerning the patterns of dose
response cannot be made at the present time. However,
the available data are consistent with the hypothesis that
atomic bomb radiation increased the risk of thyroid
carcinoma among the survivors.

Table 3 shows the occurrence rates of thyroid carcinoma
by estimated dose for those exposed within 2000 m. In
order to avoid the likelihood of making the rates arti-
ficially high by excluding those for whom estimates of
shielded dose have not been calculated, air dose estimates
have been assigned whenever shielded doses were not
available. It was necessary to assign air doses to two
of the female cancer patients in Nagasaki. The completion
of dose estimates in this manner is a conservative
procedure, since the air doses are undoubtedly over-
estimates and have been assigned to a proportion among
the total sample greater than the proportion among
cancer patients.

The rates shown in Table 3 for males are particularly
high for those under age 40 at examination who are
estimated to have received more than 50 rad ATB. Rates
for females are elevated in those exposed to over 200 rad,
except in the oldest age group, but the over 60 years,
200+ rad group contains only 161 persons. The rate of
2.8 per 1000 for females with dose estimates less than
50 rad is comparable to the rate of 2.0 per 1000 ohserved
among females who were distally exposed or not in the

1400— 1999 m DHEME A S 120 (= 1) FEL, 5
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WMBELETHE /00, LHOEEBEEERE (2000 mk
i) O#M10%, FigoEEMEBREOHIFTO 1 IKL
T4 0@t Elz#HE T2 2 s dTvaawn. v 7o
D—Hyica LT EEz RO 3 A TER VD
L BRBEBOE#HI L VLD HEDLE A,
BRRGIZOWTHEZHEBE2 TSI LT T E TV,
Lo Lads, SETiclon@ibid, Rk i
ICE - THBE LT 2BRIBBOBHRA KT 5 & v
SEHI—FE LT3,

2 31213, 2000 m S 0 AR A o0 HE E AR A KR A A
AR LA BEAREEHOHEI TEbATVEWY
HREEIBINT AL ILE-THEFNAINIZIHL &3
ARG S 20 s, BEERORD 5T WE
ik, EhsaREERAGHALLE BRBIIET2E0
Bk e =R @R T2 08V H 772 ZD
FICLTEAIIRREERE2S5 222 L1, HBNE
FikEThd. L6, ERRRIBALHEBETH
D, EhHEREzERALAEOHER, BRELID LY
TLHOZFDMDEF VS ZIKRTHIDPETHS.

FZINLRTBICHT2HES &S L, FREFOH E R
S A50rad L) BT R EFER OB RO E P FEICHE
RTHDH. KIIhWHHER, & EEMOBERITE,
200 rad P ESSEZ AHICE WML T w3 D,
60id Ll _E 200 rad LI E DRt ER & 2 21 d b T 12161 &
Thbd. HMEHEMAB0rad Ko &I &S5 N 51000 A
W 2.8 il vy EEIE, MM E L E R
PRIz VED A2 T AHEO 1000 A%< 02,0 F



cities ATB. A X¥? test on the observed numbers of
females with carcinoma for all ages combined shows that
the increase in occurrence with dose is statistically
significant at the 10% level, even though the data tested
are confined to those exposed within 2000 m. The data
for males display the same trend, though the number of
cases is too small for statistical testing.

LREEL V. LIEHBEs R RREEIC O VT LERE
BRHLTAHA 2ERBELIT L - 2 4E, 2000m £l
HIREORKIPBES N AMETIZS 57274, FiRL &
LIZEB LN AEEEORMNIE, 10% O EME THIC
HECThH- BOUBLE UCMEMmERT A, EH
F+HECHHMBEET LS 23T 2 4w

TABLE 3 OCCURRENCE OF THYROID CARCINOMA PER 1000 PATIENTS EXAMINED
BY AGE AT EXAMINATION, SEX, AND ESTIMATED RADIATION DOSE (EXPOSED 0-2000 m)

#3 BEHE 1000 AW~ 0 o BRIRG AR 5 kA

e - M - HEERATAIERD (0 - 2000m o HEHEE )

g Male % Female %
R 0-49 50-199 200+ Total 0-49 50-199 200+ Total
rad it rad it
<40 0 6.8 9.8 5.3 5.5 4.0 12.8 75
40-59 0 0 0 1] 2.5 3.8 10 4.1
60 + 3.5 0 0 1.4 0 16.4 0 5.3
Total & &t L1 2.5 4.1 2.4 2.8 6.8 9.1 5.7
Examined ## % fr 928 789 740 2457 1806 1332 1100 4238

Rates among those 3000+ m or Not-in-city ATB: Male — 0.4/1000, Female —2.,0/1000.
000mPlicwiE s L UCHRBEEFRAIC VL2 AHOHE. B— 0.4/1000 %— 2.0/ 1000

For patients with thyroid carcinoma, shielding histories
and scarring patterns were reviewed to determine
whether there was any relationship between position of
the body at the time of exposure and the later develop-
ment of thyroid carcinoma. When burn scars were
found, they were always compatible with the stated
position of the subject at the time of exposure as given
in the shielding histories. Most of these patients were
standing or sitting and presumably received most radiation
from the direction of the epicenter, although scattering was
undoubtedly present in all cases, due to the shielding
configurations. Slightly more than one fourth were
facing so that the right anterior region was toward the
blast point, the remaining number being equally distributed
among the other three quadrants. No relation between
quadrant of exposure and cell type, age, sex, or city
was evident.

Clinical Findings In the presentation of clinical and
pathologic results, the 12 subjects not examined during
1964-65 have been combined with the 39 examined
during that period.

Prior to any pathologic diagnosis, about 60% of the
patients had a single nodule in the thyroid (Table 4) and
the remaining were divided between the categories
Those
for whom the physical state of the thyroid gland was

‘palpable, but normal’ and ‘multinodular goiter.’

unknown or considered to be clinically normal were all
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TABLE 4 CLINICAL DIAGNOSIS —TYPE OF GOITER

#4 EERZH— FIRNGLE o fEIE
Diagnosis Hiroshima [Z 5% Nagasaki % i Total #
P Male Female Male Female Male Female
£ £ 3 % Ei] £
Palpable, but normal ftdv 5 AT IE 5 ... 1 5 0 2 1 7
Single nadule M-t 2 20 2 7 4 27
Multinodular FRAETE oo 3 2 1 2 4 4
Unknown R 0 1 1 2 1 3
Total B e 6 28 4 13 10 41

TABLE 5 CLINICAL IMPRESSION —PRESENT CONDITION OF THYROID CARCINOMA

#5  BRFRATRE— BRI o R
I ; Hiroshima [ & Nagasaki f& i Total &
mpression
A Male Female Male Female Male  Female

: % x Ll ke B #
Cured 2 17 3 9 5 26
Not cured 1 0 0 0 1 0
Death * 3 8 1 4 4 12
Unknown 0 3 0 0 0 3
Total 6 28 4 13 10 41
* No deaths were attributed to thyroid carcinoma as primary cause.

FECH T, EREFPRUBETHIED1E 4,5 5.
first diagnosed at autopsy. Several of those with no o . -
8 s REDTHE. EMHAWMENIHEDNL D - 2 HO

clinical suspicion prior to autopsy had been examined
within the preceding year, but most of those whose
lesions were discovered initially at autopsy had not had
a recent clinical examination.

After diagnosis and treatment, 47 of the 48 patients on
whom information is presently available (3 of the 51 have
been lost to follow-up) are either considered to be cured or
have died from other causes(Table 5). The one exception
is a young patient who is living and asymptomatic. He
has clinical and roentgenologic evidence strongly suggestive
Positive
pathologic diagnosis of carcinoma based on lymph node
biopsy was made over 8 years ago.

of metastases to the lung and lymph nodes.

No association was apparent between thyroid carcinoma
and any of the other diseases which sporadically occurred
in this group. Most of the 16 deaths were due to
cardiovascular diseases or other malignancies and none
was due to thyroid cancer.

Of the 51 patients with thyroid carcinoma; second primary
malignancies were found in 9 of whom 8 were exposed
within 2000m from the hypocenter; 5 within 1400 m
(chronic granulocytic leukemia, cancers of the cervix,
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lung, breast, and stomach), and 3 between 1400m and
1999 m (a hepatoma and cancers of the larynx and breast).
The other patient (carcinoma of the uterus) was beyond
3000m. The distribution of distances from the hypocenter
ATB of those who had second primary malignancies is
similar to the distance distribution of the remaining 42
persons with thyroid carcinoma as the only malignancy.

Pathologic Findings The classification and the patho-
logic criteria used in this study are similar to those of
Warren and Meissner.’ Occult, nonencapsulated, scle-
rosing carcinomas have been separated from the main
group of differentiated carcinomas because they seem to be
morphologically distinct; most were incidental discoveries
in thyroids that were thoroughly studied as a part of
a routine ABCC autopsy.

No undifferentiated or uncommon carcinomas were
present among the thyroid tumors seen in these patients.
The predominant form of differentiation is given in the
results, but because of considerable variation in quantity
and quality of tissue available for study it was considered
undesirable to attempt a more detailed classification, as
the results might be quite misleading. Tabulation with
respect to the invasive characteristics of tumors was
complicated by the same problem. Each case was
classified according to the extent that invasion could be
demonstrated but no negative conclusions can be made,
i.e., a case classified as localized may or may not have
had adequate tissue to allow study of lymph node, thyroid
capsular, or vascular invasion. In four cases where the
tissue was limited, we have felt it necessary to classify
the degree of invasion as ‘unknown,” but no sharp line
can be drawn between this group and some minimally
positive cases listed in other categories.

The sources of the tissue from which diagnosis was
made are shown in Table 6. Most of the biopsies were
done upon the recommendation of ABCC physicians. In
six cases biopsies were performed at another hospital and
tissue was sent to ABCC for pathological evaluation, or
tissue section slides were loaned to us. The proportions
of specimens in exposed and nonexposed groups obtained
from different sources were similar. Diagnosis was
based on a single biopsy specimen in seven cases(Table 7).
Thirty patients underwent lobectomy, which had been
preceded by a biopsy in 12 cases. Tissue was obtained
at autopsy from 14 subjects, only one of whom had
previously had a biopsy of a thyroid nodule (which did
not show the carcinoma).

In Table 8, classification of the carcinomas is shown by
histologic type, distance from the hypocenter, sex, and
city. A higher proportion of carcinoma among those
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TABLE 6 SOURCE OF TISSUE

#6 oty
Source Hiroshima 5% Nagasaki [
b Male % Female %« Male 54  Female #«
Biopsy recommended by ABCC
ABCCTHREBE oo 3 17 3 8
Biopsy recommended elsewhere*
DFEETEREBE* 2 3 0 1
Tissue from autopsy
HIRABME - .eninimimniominnmas 1 8 1 4
Total H imnennnnmmamasymmmm 6 28 4 13
* Tissue examined at ABCC.
HMBOKEILABCC T % 5 .
TABLE 7 TYPE OF SPECIMEN EXAMINED
#7 BMEEZAOMME
Type Hiroshima 4% Nagasaki £
HiH Male %  Female %« Male %  Female %
Biopsy & M s 3 3 0 1
Lobectomy 1 B ... 2 17 8 31 83
Autopsy I 1 81 1 4
Total 1 S 6 289 41 13.3

Boldface numbers represent those patients included in the total who had had previous biopsy.

MkEFIR, BHobT, UMz ERk s Lz tossBEH8ETT.

TABLE 8 HISTOLOGIC TYPES OF THYROID CARCINOMA BY DISTANCE

# 8 HUIRIGE o ME NS B LA 5 O BERER
. Male 9 Female %«
Distance
i e Differentiated Oceult Differentiated Oceult
Adenocarcinoma Sclerosing Adenocarcinoma Sclerosing
m Rl it A EHE W S L s A
Hiroshima & &
<1400 5 (3P, 2F) 13 (5P, 8F) 3
1400-1999 1(P) 2(P) 1
3000-3499 4 (2P, 2F) 2
Not-in-city i P 2E 3(P)
Total &t 6 22 6
Nagasaki 1= U
<1400 2 (1P, 1M) 7(P) 1
1400-1999 1(P) 2(1P, 1F) 2
3000-3999
Not-in-city HHAFTE 1(P) 1(F)
Total it 4 10 3

The predominant growth pattern of the adenocarcinomas is indicated by the letters in parentheses as follows:

B EFLBENE, »o IHNOXFETTT.
P—Papillary  F —Follicular M — Mixed
FLaAK FLAREES B R



exposed within 1400 m is apparent for both differentiated
carcinoma and occult sclerosing types. Moreover, the
proportion does not differ markedly by either sex or city.
Four of the nine patients with primary carcinomas in
sites other than the thyroid were from the group with
occult sclerosing thyroid carcinomas, a proportion in
excess of what would be expected from the distribution of
types shown in Table 8. This association, however, is
probably due to the occult sclerosing type having been

observed only among older patients (Figure 1).

An indication of some of the invasive characteristics of
the observed tumors is given in Tables 9 and 10. In
these tables, each of the 51 cases has been classified
according to the extent of invasion demonstrated by
histologic study and has been entered only once under the
highest appropriate number. Of the 16 with lymph node
metastasis 13 also had evidence of local invasion. The

invasive characteristics as they relate to tumor type are
listed in Table 10.

The distribution of thyroid carcinoma by type, exposure,
and age ATB is shown in Figure 1 which reflects the
increased rates of thyroid carcinoma among those under
20 years of age ATB and exposed within 1400 m. Cell
types appear to be uniformly distributed within all age
groups except that no occult sclerosing carcinomas have
been found among subjects under 20 years of age ATB, or
among subjects exposed within 1400m and less than
40 years of age ATB.

The level of aggressiveness of all lesions in this series
was low, thus biopsy and pathological diagnosis was
often delayed for years after the onset of a lesion.
Consequently, any attempt to calculate incidence or
duration of disease would be misleading. Despite the
presence of metastases to lymph nodes in 16 of 51
subjects, there is only one with suspected lung metastases.
None of the 14 patients who died showed metastases to
the lung or other distant organs and no deaths are
attributed to the thyroid tumor.

DISCUSSION

Carcinoma of the thyroid has occurred more frequently
among atomic bomb survivors who were within 1400 m
from the hypocenter than among those located at greater
distances or not in the cities ATB. There is also a
consistent, positive association between estimated radiation
dose and development of thyroid carcinoma. Whether
analyzed by age, sex, or city of origin, those within
1400 m ATB consistently had a higher frequency of
carcinoma than those more distally located. Viewed in
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TABLE 9 INVASIVE CHARACTERISTICS OF THYROID CARCINOMA BY DISTANCE
#9 BRSO RENE: RO S o IERER

Characteristic* 72 #

Distance
pizt 3 Male 5 Female %
m 1 2 3 4 1 2 3
Hiroshima 5 &
<1400 1 4 4 7 4
1400-1900 1 2
3000-3499 1 4
Not-in- city P4+ 7€ 2
Total #t 1 5 6 14 4
Nagasaki & ¥
<1400 1 1 4 1 3
1400-1900 1 2 2
3000-3999
Not-in- city P4 TE
Total &t 2 s 6 2 5

* 1. Localized (without invasion of vessels of extension beyond thyroid capsule)

R (MEREAE 0. FARPRBERA~OHEAIZ20)

2. Invasion definite (thyroid capsule, striated muscle or vessels)
VAEE 4 RN (HRRRWERE, BUECH. M)

3. Lymph node metastases
URal il 34

4, Unknown (i.e., tissue sample inadequate to determine extent of invasion)
T (e, HEEES T+ TEROBELRETEL L)
Each carcinoma is listed onlv once, under the highest appropriate number.

. AMEE, BYoRGoMMoTIIIBAGHELTSHS

TABLE 10 INVASIVE CHARACTERISTICS BY TYPE OF CARCINOMA
#10 RBOBE : Mo MEH

Characteristic* & f&

;yp;; Male 3 Female #
1 2 3 4 1 2 3
Hiroshima £ &%
Papillary FLTHK oo 1 2 3 7 1
Follicular  #fa % 3 1 5 2
Mixed REME...
Occult sclerosing it 7€ 2 1
Total B s 1 5 6 14 4
Nagasaki &
Papillary BB i isiiinin 2 1 5 1 2
Follicular ~ #AEHE ...ocoevieie 1 1
Mixed BB s i zsanane 1
Occult sclerosing i 7E £ RE (Ki4,...... 1 2
Total . O 2 2 6 2 5

* See Table 9. # 9 £8.
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FIGURE 1 THYROID CARCINOMA BY AGE AT TIME OF BOMB AND DISTANCE
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any of several ways — for example, those with occult
tumors, those with noninvasive tumors, those not examined
during the study period (1964-65), or those first diagnosed
at autopsy — the association between exposure and thyroid
carcinoma is maintained.

At ABCC, measures are employed which insure that all
collection and recording of data, as well as clinical and
pathological evaluation, is done without knowledge of the
subject’s exposure status. Although we believe that
observer bias has been virtually eliminated, any sampling
bias imposed by nonresponse is unpredictable. With the
low level of aggressiveness of these tumors, there is no
reason to believe that the frequency of thyroid carcinoma
in those remaining in the cities and in those who have
moved is not similar. In any case, response and migration
rates did not differ substantially by exposure status.
More frequent biopsies or serial sectioning of the thyroid
glands at autopsy would unquestionably yield a larger
number of carcinomas of the thyroid. The methodology
being uniform for all subjects, it is believed that the
results correctly reflect the relative frequency of thyroid
carcinoma in the different exposure groups.
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The consistency of the association of thyroid carcinoma
with exposure to ionizing radiation as expressed either in
distance from the hypocenter or estimated rad dose, for
the variety of stratifications examined, strongly supports
the hypothesis of a real radiation effect as the explanation
of the increased rates of thyroid cancer observed among
heavily exposed persons. There is no evidence to
suggest that other factors in the A-homb experience,
such as blast effect or subsequent malnutrition and
illness, have confounded this interpretation. The effect
of these factors extended far beyond the 2000m zone,
whereas the radiation decreased exponentially with
distance, the estimated air dose being less than 20rad
at 2000 m in both cities.'®

Except for the absence of occult sclerosing tumors in the
young ATB, there are no indications that a specific cell
type or degree of invasiveness is related to exposure.
Rather a general increase in all observed types of
This
lack of type-specific response also characterizes experi-
type-specific

thyroid carcinoma is seen among the exposed.

but contrasts with the
20

mental  work,!

response of leukemia in man.

The association between distance from the hypocenter
and increased oceurrence of thyroid carcinoma is apparent
in both males and females who were under age 40 at
examination, and in females over age 60 at examination.
For females in the intermediate years, the rate is only
slightly elevated. The age of the subject at the time of
exposure may be an important variable in determining the
carcinogenic effect of radiation on the thyroid. This
supports the concept of multiple variables influencing the
carcinogenic effect of irradiation.

For 11 of the 12 subjects with thyroid carcinoma who
were not examined during the 1964-65 cycle the diagnosis
was first made at autopsy; all were over 20 years of age
ATB. This simply reflects the finding of low-grade
cancers in persons coming to autopsy, virtually all of
whom are from the older age groups. This also explains
the relatively higher occurrence of occult sclerosing
tumors in the older subjects since five of the nine occult
sclerosing cancers were from the group first discovered
at autopsy.

Second primary carcinomas were observed in nine(17.6% )
of the older subjects in this group, a considerably higher
proportion than in other reports of second carcinomas.?'
The exposure distances of these 9 were about the same
Until a larger series of

multiple primary malignancies has been collected in this

as for the entire group of 51.

sample the information must be interpreted cautiously. A
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thorough study of multiple malignancies is presently
being planned at ABCC,

The findings of this study suggest that age at exposure to
radiation deserves special consideration in assessing
biological effect. Although susceptibility after exposure
was increased in the usual male/female ratio in adults,
the effect on younger individuals was more striking in
terms of rate and decrease in the sex ratio, with male
susceptibility apparently equalling that in females when
exposure occurs at age 20 or below.

SUMMARY

Between 1 December 1963 —31 December 1965, 39
patients who had had thyroid cancer were examined in
the ABCC-JNIH Adult Health Study program. Twelve
additional cases have been identified among sample
members who were not examined during this period.

The occurrence of thyroid cancer was higher in women
than in men and showed a significant increase with the
proximity of atomic bomb exposure and increase in
estimated radiation dose received. However, when the
subjects were less than 20 years at exposure the rates
were the same for both sexes.

Thyroid cancer in this sample did not pursue an ag-
gressively malignant course. Sixteen persons died with
thyroid cancer but in no instance could death be attributed
to thyroid cancer, despite the unequivocal histologic
findings of malignancy.
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ADULT HEALTH STUDY THYROID CANCER CASES, 1| DECEMBER 1963 —31 DECEMBER 1965
MCN R E A R AR AR AR SE ), 196345128 1 H — 1965 12H31H

] Estimated Dose #E i # it Cancer
Date of Age at Distance
M.F. No. Birth Examination I Total Air Shielded Thyroid Other
EFEHHE FHER RSN m 2 chig it W AR A Z0ft
Hiroshima IX %
Male-Examined % —###
4/29 35 1247 120 75 Papillary %L @ik
2/92 72 2024 2 1 Follicular ## fatt
3/27 38 1143 207 126 Papillary $LE ik
10/38 26 1076 298 208 Follicular # fat%
-Not Examined -3E###H
11/93 . 1206 149 98 Papillary g, g 14 Pulmonary  fifi #
1/11 . 1066 314 312 Follicular ¥ a4 Leukemia (C.G.)
Female-Examined % -##+# sl L
8/17 47 Not-in-city i P37 7¢ e Papillary L&
3/02 62 1304 89 71 Papillary LR
3/09 55 3000+ 0 0 Papillary FL R
12/32 31 1879 4 4 Papillary FLE
2/08 57 1452 40 29 Papillary FL3K
3/06 58 2080 1 1 Sclerosing fi{¥ 4
3/26 38 1212 144 95 Follicular ¥ faf4
T/07 57 1246 120 89 Follicular ¥ %
4/04 61 1324 79 53 Follicular i fa it
8/16 47 3000+ 0 0 Follicular # ka4t
3/25 39 842 1040 692 Follicular #katt
3/02 62 3000+ 0 0 Sclerosing i (L #4: Uterus F75##%
4/27 37 833 1090 598 Follicular # a4t
10/09 54 936 630 356 Papillary FLEA L
6/25 38 Not-in-city i 4 A+ 7€ Papillary 3§
6/27 37 1371 62 45 Follicular ¥ fatk
8/88 76 1195 158 93 Sclerosing & {t 4
6/04 61 1139 213 144 Follicular # ffa %
8/22 a1 942 609 415 Papillary L3
1/21 43 3000+ 0 0 Papillary #LE X
1/17 48 Not-in-city i/ 7 & Papillary 3L
Not Examined -FE##i%
3/00 - 3000+ 0 0 Follicular MRt
10/92 : 1235 127 84 Sclerosing Hift &
11/96 - 811 1228 707 Sclerosing 8 {t, 1%
12/92 ) 3000+ 0 0 Sclerosing B {k 1% -
1/87 - 975 511 339 Papillary $LEf £ Cervix BUii#
11/94 - 1421 48 32 Follicular # fat%
4/21 . 1337 74 57 Papillary $LEAR
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. Estimated Dose # 7 # it Cancer #
Date of Age at Distance
M.F. No. Birth Examination SFRE Total Air Shielded Thyroid Other
AL MHE EER TR i fBZErhi it 3 e AR RR £ ot
Nagasaki & i

Male - Examined % - #ift#
7/32 31 1179 450 449 Mixed i’at
3/39 25 1186 438 304 Papillary  FLE
11/37 27 Notin-city i 4 4 % Papillary LF

*Not Examined - 3 # # #
083182 7/97 1684 58 47 Papillary g gri % Larynx Weiss

Female - Examined % — %
8/26 37 1417 171 153 Follicular # fatk -
7/20 43 1561 102 84 Selerosing 8 {t 4 Hepatoma fifif
6/88 76 1398 184 174 Papillary LR
2/28 36 1344 230 206 Papillary $LEUR
3/28 36 502 8222 0 Papillary L3
3/30 34 1062 735 733 Papillary FLER
6/44 19 1153 492 425 Papillary L&k
10/38 25 1106 598  Unknown M Papillary FL#EiK
12/28 35 1336 230 Unknown %8 Papillary FLE#E
9/18 47 1216 386 343 Papillary FLEAR Breast  fLi
10/14 50 Not-in-city Hi P94 7€ Follicular # faf%

-Not Examined — 3 #E#H

12/90 1628 75  Unknown 8 Sclerosing Mk Breast L%
1/94 1246 381 379 Seclerosing 8 {4 Stomach 4
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